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Introduction

The Devils Lake Basin is a 3,810-square- 
mile closed subbasin of the Red River of 
the North Basin (fig. 1). About 3,320 
square miles of the total 3,810 square 
miles is tributary to Devils Lake. The 
Devils Lake Basin contributes to the Red 
River of the North Basin when the level 
of Devils Lake is greater than 1,459 feet 
above sea level.

Lake levels of Devils Lake were recorded 
sporadically from 1867 to 1890. In 1901, 
the U.S. Geological Survey established 
a gaging station on Devils Lake. From 
1867 through 1998, the lake level has 
fluctuated between a minimum of 1,400.9 
feet above sea level in 1940 and a maxi­ 
mum of 1,444.7 feet above sea level in 
1998 (fig. 2). The maximum, which 
occurred on July 7, 1998, was 22.1 feet 
higher than the level recorded in February 
1993.

The rapid rise in the lake level of Devils 
Lake since 1993 is in response to above- 
normal precipitation and below-normal 
evaporation from the summer of 1993 
through 1998. Because of the rising lake 
level, more than 50,000 acres of land and 
many roads around the lake have been 
flooded. In addition, the water quality 
of Devils Lake changed substantially in 
1993 because of the summer flooding 
(Williams-Sether and others, 1996). In 
response to the flooding, the Devils Lake 
Basin Interagency Task Force, comprised 
of many State and Federal agencies, 
was formed in 1995 to find and propose 
intermediate (5 years or less) flood miti­ 
gation options. Current and accurate 
hydrologic and water-quality information 
is needed to assess the effectiveness of the 
flood mitigation options, which include 
managing and storing water in the Devils 
Lake Basin, continuing infrastructure 
protection, and providing an outlet to the 
Sheyenne River (Wiche, 1998).
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Figure 1. Location of the Devils Lake Basin.

As part of the U.S. Army Corps of 
Engineers Devils Lake emergency outlet 
feasibility study, the U.S. Geological 
Survey is modeling lake levels and sulfate 
concentrations in Devils Lake to simulate 
operation of an emergency outlet. 
Accurate simulation of sulfate concentra­ 
tions in Devils Lake is required to deter­ 
mine potential effects of the outlet on 
downstream water quality. Historical 
sulfate concentrations are used to cali­ 
brate and verify the model. Most of the 
Devils Lake water-quality data available 
before 1998 were obtained from samples 
collected from the water column about 
three to four times a year. The samples 
were collected at one location in each of 
the Devils Lake major bays (West Bay, 
Main Bay, East Bay, and East Devils 
Lake). However, sample collection 
from only one location in a bay may not 
give an adequate representation of the 
water quality of the bay because of factors 
such as wind, precipitation, temperature, 
surface- and ground-water inflow, and 
possible bed-sediment interactions. Thus,

spatial variability (the variability within 
each bay) and temporal variability (the 
variability with time) of dissolved sulfate 
need to be determined to evaluate the 
accuracy of the estimates obtained from 
the model.

Water-Quality Sampling

Spatial and temporal sampling schedules 
were created to address the variability of 
dissolved-sulfate concentrations in the 
Devils Lake major bays between May and 
August 1998. Samples were collected 
from 30 sites in Devils Lake (fig. 3). Of 
the 30 sites, 9 are historical sample sites 
and the remaining are distributed across 
the bays to represent about the same vol­ 
ume of water. Accurate determination of 
site locations was obtained using a Global 
Positioning System receiver.

The spatial sampling schedule was 
designed to determine water-quality 
variability within each bay once during 
the spring lake-level rise (May 4 and 5)
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Figure 2. Historical water level for Devils Lake, 1867-1998, and sample collection 
times in 1998.

and once during the summer lake-level 
decline (August 17 and 18) (fig. 2). 
During both sampling periods, a water 
sample and a water-column profile were 
collected at each of the 30 sites (fig. 3). 
The temporal sampling schedule was 
designed to determine water-quality vari­ 
ability with time between the two spatial 
sampling periods. On June 1 and 2, 
June 15 and 16, July 6 and 7, and July 27 
and 28, a water sample and a water- 
column profile were collected at each of 
nine sites (the temporal sample sites, 
fig. 3), and a water-column profile was 
collected at seven additional sites (the 
temporal profile sites, fig. 3).

Water samples were collected from the 
surface, middle, and bottom of the water 
column and composited in a churn split­ 
ter. Water samples then were taken from 
the churn splitter and analyzed at the 
North Dakota Department of Health 
Laboratory in Bismarck, N. Dak., for the 
constituents listed in table 1. Dissolved 
sulfate is the only constituent discussed in 
this fact sheet. The remaining constitu­ 
ents are listed to indicate other data avail­ 
able from this study. Water-column 
profiles consisted of measurements of 
specific conductance, pH, water tempera­ 
ture, and dissolved oxygen at various 
depths from the surface to the bottom of 
the water column. Air temperature, baro­ 
metric pressure, wind direction, wind- 
speed, and secchi-disk transparency also 
were measured.

Spatial Variability of Dissolved 
Sulfate

Dissolved-sulfate concentrations at spa­ 
tial sample sites increased abruptly from 
west to east near the boundaries between 
bays (fig. 4). However, variability within 
the bays is much smaller than variability 
between the bays. The concentrations in 
West Bay and Main Bay are particularly 
homogeneous because of efficient wind- 
driven mixing in those bays. Thus, the 
concentration of a single sample from the

historical sample site for West Bay (site 
9) or Main Bay (site 18) accurately repre­ 
sents the average dissolved-sulfate con­ 
centration in each of those bays during 
both the spring and summer sampling 
periods.

The greater spatial variability of 
dissolved-sulfate concentrations in East 
Bay and East Devils Lake, particularly in 
the spring, indicates wind-driven mixing 
in those bays is not as complete as in West 
Bay and Main Bay. The concentrations in 
samples collected on May 4 and 5 from 
the historical sample sites for East Bay 
(site 25) and East Devils Lake (site 29) 
are less than the average concentrations 
in East Bay and East Devils Lake. 
However, the concentrations in samples 
collected on August 17 and 18 are more 
homogeneous and more accurately repre­ 
sent the average dissolved-sulfate concen­ 
tration in each of those bays.

The abrupt changes in concentration 
between bays indicate mixing between 
bays is much less efficient than mixing 
within bays. Constrictions at Ziebach 
Pass (West Bay - Main Bay), Highway 
20 (Main Bay - East Bay), and Woods- 
Rutten Road (East Bay - East Devils 
Lake) generally hinder the mixing 
between bays. However, mixing between 
West Bay and Main Bay is enhanced 
because of the high lake levels during the 
sampling periods. This mixing is particu­ 
larly evident in the summer, as indicated 
by the relatively smooth transition 
between West Bay and Main Bay concen-

Table 1. Constituents for which water samples were analyzed at the North Dakota 
Department of Health Laboratory

Major cations/anions Trace metals Nutrients Chlorophyll

Calcium, dissolved
Magnesium, dissolved
Sodium, dissolved
Potassium, dissolved
Alkalinity, dissolved
Sulfate, dissolved
Chloride, dissolved
Dissolved solids

Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Chromium
Copper
Iron
Lead
Manganese
Nickel
Selenium
Silver
Thallium
Zinc

Nitrite plus nitrate
Ammonia
Organic nitrogen
Total nitrogen
Total phosphorus
Dissolved phosphorus

Chlorophyll a
Chlorophyll b
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Figure 3. Locations of sample sites in Devils Lake.

trations (fig. 4). The more abrupt change 
in the spring is caused by flow from West 
Bay to Main Bay reducing the amount of 
mixing that occurs between the bays.

Mixing between Main Bay and East Bay 
is greatly restricted by a small bridge 
opening at Highway 20. Thus, dissolved- 
sulfate concentrations are much larger in 
East Bay than in Main Bay. The differ­ 
ence between dissolved-sulfate concen­ 
trations in Main Bay and East Bay is 
about the same in the summer as in the 
spring, indicating that mixing is hindered 
even in the summer when lake levels are 
declining.

Woods-Rutten Road, which separates 
East Bay and East Devils Lake, was over­ 
topped during 1998, allowing consider­ 
able mixing between those bays. During 
the spring lake-level rise, water flowed 
from East Bay to East Devils Lake, caus­ 
ing sulfate dilution in East Devils Lake. 
However, the increased concentration in 
East Bay in the summer indicates water

from East Devils Lake mixed with water 
from East Bay. In the fall of 1998, 
Woods-Rutten Road was raised, and East 
Bay again was separated from East Devils 
Lake.

Temporal Variability of Dissolved 
Sulfate

Trends in dissolved-sulfate concentra­ 
tions at temporal sample sites varied 
between bays (fig. 5). Concentrations at 
site 5 in West Bay decreased from May 5 
to June 1 when inflow from Big Coulee 
slowly diluted water in West Bay. From 
June 1 through August 17, concentra­ 
tions increased as a result of evaporation, 
mixing within West Bay, and possible flux 
of sulfate from bed sediment. Concentra­ 
tions at site 9 increased from May 5 to 
June 1, indicating that flux of sulfate from 
bed sediment and/or mixing with Main 
Bay were sufficient to counteract dilution 
from inflow during the spring lake-level 
rise. Concentrations decreased from 
June 1 to 15 and then slowly increased

to 520 milligrams per liter (mg/L) on 
August 17. Although concentrations at 
site 5 and site 9 began to converge in July 
and August, the concentrations at site 5 
were less than the concentrations at site 9 
during the entire sampling period. Thus, 
although the concentrations in West Bay 
are relatively homogeneous, small differ­ 
ences occur among sites and persist well 
into late summer.

Dissolved-sulfate concentrations at site 
18 in Main Bay steadily decreased from 
660 mg/L on May 5 to 600 mg/L on 
July 27 and then increased to 620 mg/L 
on August 17. The decrease indicates that 
dilution from Channel A and West Bay 
was sufficient to counteract the flux of 
sulfate from bed sediment and/or mixing 
with East Devils Lake during the spring 
lake-level rise. However, in late summer, 
concentrations increased as inflow 
decreased and evaporation increased.

Dissolved-sulfate concentrations at site 
25 in East Bay increased during the entire



^
 S

 S
 2

J
O

 
g

 
H

- 
X

 
rt

-

^
 i
 

tn
 n

. 
~s

<-"
 g

T 
o

O
O

 
r
t
 

3

o
 J

. 
^

~
l

OO
 5

 T
3 

S
 

S
O

T
O

 
O

 
_
 

3
O

 (
t 

3
. 

3
 

a;
An

y 
=" 

o 
^

C
H

 
P

3 
3

00
 £

= 
3
 

°>
 

>
g

.^
5

^
 

O
5=

* 
O

 ^
 

o
 

B

ff
 
"
 
°
 

B

R
' 
3
' 

O
 

^
fO

 
O

 
3

 
65

D
- 

S
" 

M
 

_
0

-S
.s

 
2.

C5
 
-
 
 
 
 
 

"
"

ifl
l E

^^
^§

 
=

^ 
c= 

c 
gL

 
o 

.^ 
ro

. 
a
 g

 
^

|
g
f
|
 

B

TO
 

E
rP

 
Q 

TO
 

o 
rt. 

g 
g 

  
<

  
^
 x

 
3

  3
<

£
-S

a^
s.

S
:?

^
 ^

 o
 
-

S
" 

C/
3 

&
lO

o
'

fl
T

C
«
3

a* S
!

USGS
 

ide
 

W

CD
 

(Q
w 

c
DO

 3
 

.o
j 

01

0
°n

0)
 

"
^
 

§
Q

) 
O

T
 

CD
Q

. 
3

.

rn
 j

u
w 

o'

D
 w

CD
 

05

m
 

CD £s p 
g CD

 

I  O
_ 

CD

00

 <
" I
 M

C
O

N
C

E
N

TR
A

TI
O

N
, 

IN
 M

IL
LI

G
R

A
M

S
 P

E
R

 L
IT

E
R

 
g-

 
g 

^ 
£ 

g
2.

 c
 

g.
' 
5
 3

O
 

ro
 

-^
 

^
 

CT
l 

O
} 

-s
| 

3
 

^
 

£3
 

»"
rt

o
 

o
 

o
o

 
o
 

o
 

o
 

rfn
 

?^
 

h-
l 

£T
 

-1 -
0 

, 
° 

, 
° 

O
ii

ii
°
ii

ii
° 

° 
al
 Q

 
S1

 ^
 

=; 
I
'
I
'
 

' 
' 

' 
! 

! 
' 

' 
' 

' 
I

^
 

S
 
"
 
-

&
r?

 
3

S
C

-
.^

s
'r

rs 
in

p.
 

o 
x
 

H, 
3 

u>
 

(«
 

o*
 

5 
S 

«, 
2

^
 

?S
' 

3_
 a

2
 

n
 

3
 

o
3
 

u
 

cro
 

s*

§ 
oo

 
g 

g1
 

<"
» 

§
4

. 
1 

8.
g 

o.
 r

 0
 £

«
l|
ii

 .
 
2
 

«> 
f?

- 
 S

 
° 

^
 S

5.
 _

. X
D 

S 
3

s 
c« 

p
§ 

r
 

o
" 

 
3

ii 
i 

i
im c^^

^
^

n
il

HH
 

ca 
;_;

. 
- 

2
1 
" 

 
3 

s.

iii
ii

^ 
^
 §

  
S 

-
 -

^.

3
 

C
O

N
C

E
N

TR
A

TI
O

N
, 

IN
 M

IL
LI

G
R

A
M

S
 P

E
R

 L
IT

E
R

C
 

U
l 

O
 

U
l 

O
 

U
l 

O

(D
 

o
 

o
 

o
 

o
 

o
 

o
 

o
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

i 
r

o>
 

I \
 

P
el

ic
an

 L
ak

e
V

)
O

 
M

-D
_ 

CD 2.
 

-
 

CD 
m

5'
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